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other  preventive  measures  were  also  considered  which  involve  the  regulatory  area 
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EXECUTIVE  SUMMARY 


The  purpose  of  this  study  is  to  analyze  in  detail  available  Coast  Guard  data 
sources  for  tank  barge  oil  pollution  incidents,  and  to  determine  and  categorize  the 
causes  of  these  incidents  and  the  extent  of  the  resulting  pollution.  Operational 
and  causal  patterns  are  identified,  present  Coast  Guard  pollution  prevention 
efforts  are  examined,  and  means  of  reducing  the  spill  volumes  and  number  of  incidents 
are  investigated.  The  scope  is  limited  to  tank  barges  carrying  oil  products 
during  the  3-year  period  from  1974-1976  in  four  sample  Coast  Guard  districts;  the 
second,  fifth,  eighth,  and  ninth.  Together,  these  four  districts  provide  data  over 
a broad  spectrum  of  marine  transporation  routes  (rivers,  lakes,  and  ocean)  and 
encompass  90%  of  the  oil  volume  spilled  and  75%  of  the  total  number  of  tank  barge 
oil  pollution  incidents  during  these  three  years. 

DATA  DEVELOPMENT  AND  ANALYSIS 

The  data  base  examined  in  this  study  was  extracted  and  developed  from  the 
following  information  sources:  Pollution  Incident  Reporting  System  (PIRS),  Com- 
mercial Vessel  Casualty  Reporting  System  (CVCRS),  Inspected  Barge  File,  and  District 
Penalty  Files.  Valuable  supplementary  information  was  obtained  by  discussions  with 
pollution  control  and  marine  safety  personnel  in  the  four  districts  visited. 

A total  of  1,647  cases  were  extracted  from  the  PIRS  File  for  oil  spill  incidents 
occurring  during  1974-1976  which  fell  under  PIRS  causal  codings  of  Structural 
Failure  or  Loss,  Equipment  Failure,  or  Personnel  Error.  Approximately  1,300  of 
these  cases  were  identified  as  having  had  penalty  action.  Listings  of  the  penalty 
cases  were  then  generated  for  each  of  the  four  Coast  Guard  districts  and  were 
subsequently  used  during  the  visits  to  locate  and  examine  each  incident.  Because 
of  t Lme  limitations,  and  in  order  to  minimize  any  interference  with  district 
office  operations,  only  416  individual  cases  could  be  reviewed  in  the  District 
Penalty  Files  during  the  above  visits.  Priority  was  assigned  to  the  most  recent 
incidents  and  those  involving  major  oil  spills.  In  addition,  the  Inspected  Barge 
File,  obtained  from  the  Office  of  Merchant  Marine  Safety,  was  used  to  provide 
information  concerning  the  types  of  hulls  for  the  barges  involved  in  the  pollution 
incident  cases  analyzed. 
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The  data  extracted  directly  from  the  sources  cited  above  did  not  lend  itsilf 
readily  to  causal  categorization  and  analysis.  Therefore,  the  data  was  restructured 
to  provide  a breakdown  into  three  major  causal  areas:  Personnel  Error,  Equipment 
Failure,  and  Hull  Damage.  Subsequent  analysis  of  the  total  PIRS  sample  population 
of  1,647  incidents  indicated  that  approximately  562!  of  the  Incidents  were  due  to 
personnel  error,  12%  to  equipment  failure,  and  12%  to  hull  damage.  However,  the 
hull  damage  incidents  were  responsible  for  the  bulk  of  the  oil  spilled  (about 
1,800,000  gallons)  which  was  more  than  93%  of  the  total  spill  volume  associated 
with  all  1,647  incidents. 

The  detailed  data  obtained  for  the  416  cases  reviewed  in  the  District  Penalty 
Files  was  also  restructured  in  essentially  the  same  manner  as  the  PTRS  File  data. 
Analysis  of  this  restructured  data  yielded  a breakdown  similar  to  that  previously 
cited  for  the  larger  PIRS  sample.  Approximately  50%  of  the  incidents  were  due  to 
personnel  error,  7%  to  equipment  failure,  and  43%  to  hull  damage.  The  hull  damage 
incidents  were  again  responsible  for  the  bulk  of  the  oil  spilled  (about  3,100,000 
gallons)  which  was  82%  of  the  total  spill  volume  associated  with  all  416  incidents. 

In  order  to  develop  further  insight  into  the  underlying  causes  for  incidents 
categorized  under  hull  damage,  a matching  process  was  applied  to  the  PIRS  and 
CVCKS  File  data  using  the  official  number  of  the  barge  and  the  date  of  the  incident 
as  common  parameters.  Only  47  incidents  were  matched  by  this  process.  The  casualty 
reports  for  these  47  cases  were  then  reviewed  in  detail  to  develop  more  compre- 
hensive causal  information.  It  was  found  that  32  of  the  incidents  (68%)  could  be 
directly  attributed  to  personnel  error  during  underway  operations,  resulting  in 
hull  damage  and  pollution.  These  32  incidents  were  responsible  for  98.5%  of  the 
oil  spill  volume  associated  with  the  entire  47  Incident  sample. 

PR MV MNT1VM  'MEASURES 

The  more  definitive  causal  data  obtained  through  examination  and  analysis  of 
the  District  Penalty  Files  and  the  narrative  reports  of  the  CVCRS  File  were  used 
as  the  basis  for  assessment  of  pollution  prevention  measures.  The  above  data 
represents  those  cases  for  which  additional,  information  was  obtained  and  verifica- 
tion and/or  classification  of  PIRS  File  data  was  essentially  effected.  Assessment 
of  pollution  prevention  measures  and  their  effectiveness  is  based  on  the  subjective 
judgement  of  the  authors,  with  the  data  described  above  and  supportive  information 


iii 


obtained  in  discussions  with  Coast  Guard  district  office  personnel  providing  the 
definitive  characteristics  and  quantitative  basis  for  this  assessment. 

Four  basic  areas  of  preventive  measures  were  considered  for  reducing  or 
preventing  tank  barge  oil  spills:  hull  design,  coamings,  tankerman  training,  and 
pollution  prevention  regulations.  Subjective  application  of  these  four  basic 
measures  was  made  to  each  of  the  416  District  Penalty  File  incidents  reviewed  in 
the  study.  The  analysis  indicated  that  about  33%  of  the  incidents  could  have  been 
prevented  by  double  containment  of  the  cargo,  10%  by  installation  of  deck  coamings, 
24%  by  improved  tankerman  performance,  21%  by  either  installation  of  coamings  or 
improved  tankerman  performance,  and  2%  by  intensified  regulation  or  regulatory 
presence.  For  approximately  10%  of  the  incidents,  there  was  insufficient  data 
upon  which  to  base  a reasonable  judgement;  these  were  indicated  as  Indeterminate. 

The  47  CVCRS  cases  previously  categorized  as  caused  by  hull  damage  (obtained 
by  cross  referencing  and  matching  to  PIRS  incidents)  were  examined  to  assess  the 
effect  of  double-wall  or  double-bottom  construction  as  preventive  measures.  Double 
wall  refers  to  tank  barges  with  longitudinal  inner  bulkheads,  port  and  starboard, 
between  the  rake  bulkheads.  Double  bottom  refers  to  tank  barges  with  a continuous 
inner  bottom  between  the  rake  compartments.  It  was  considered  that  26  incidents 
(55%)  could  have  been  prevented  by  double-wall  and  double-bottom  construction.  Tn 
four  cases  (9%),  double-wall  or  double-bottom  construction  would  have  had  no 
effect.  For  the  remaining  17  incidents  (36%),  there  was  insufficient  data  upon 
which  to  base  a reasonable  assessment;  these  were  considered  as  Indeterminate. 
CONCLUSIONS 

1.  Transfer  and  transport  activities  are  the  operational  phases  which 
foster  the  largest  number  of  tank  barge  oil  spill  incidents  and  associated  volume 
of  oil  spilled. 

2.  Most  of  the  minor  spills  (<_100  gal)  occur  during  cargo  transfer  opera- 
tions when  oil  is  being  loaded  or  discharged;  however,  these  incidents  contribute 
only  a small  portion  of  the  total  oil  spill  volume. 

3.  Most  of  the  major  spills  (-'100  gal)  occur  during  underway  operations 
(including  mooring  and  docking);  these  represent  only  a small  fraction  of  the 
total  number  of  tank  barge  oil  pollution  incidents  but  contribute  the  bulk  of  the 
total  oil  spill  volume. 
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4.  The  primary  causes  for  both  minor  and  major  spills  are  related  to  personnel 
error.  In  the  case  of  minor  spills,  these  errors  usually  involve  mishandling  of 
equipment  and  insufficient  attention  to  regulations  and  operating  procedures 
during  cargo  transfer  operations.  For  major  spills,  misjudgements  by  barge  pilots 
lead  to  collision  or  grounding  incidents  with  subsequent  hull  damage  and  large  oil 
spill  volumes.  Improved  personnel  performance  could  have  been  effective  in  pre- 
venting a large  number  of  both  minor  and  major  oil  spill  incidents  reviewed  in  this 
study. 

5.  Coaming  installations  could  have  been  effective  in  preventing  over  half  of 
the  minor  oil  spill  incidents  reviewed  in  this  study. 

6.  Double  containment  (double-wall  and/or  double-bottom  construction)  could 
have  been  effective  in  reducing  or  preventing  major  spills  for  a majority  of  the 
tank  barge  oil  pollution  incidents  categorized  as  caused  by  hull  damage. 

7.  Tank  barge  oil  pollution  prevention  efforts  must  involve  consideration  of 
the  overall  "system"  and  procedures  utilized  by  the  Coast  Guard  and  should  include 
consideration  of  the  interfaces  between  barge  structural  design,  operational 
procedures,  personnel  capabilities,  equipment  characteristics,  and  regulatory 
requirements. 

RECOMMENDATIONS 

1.  Continue  ongoing  efforts  to  upgrade  performance  of  personnel  involved  in 
tank  barge  cargo  transfer  operations.  Intensified  training  and  qualification 
programs  must  be  integrated  into  the  existing  Coast  Guard  regulatory  and  operational 
system  to  ensure  attainment  of  the  desired  improvement  in  performance. 

2.  Consider  implementation  of  a mandatory  requirement  for  installation  of 
deck  coamings  as  positive  overflow  containment  for  all  tank  barge  cargo  tank 
openings. 

3.  Foster  and  encourage  the  long-range  implementation  of  a requirement  for 
double-containment  construction  for  all  tank  barges  carrying  oil  products  on  U.S. 
waters. 

4.  Conduct  a study  to  assess  the  state-of-the-art  and  regulatory  feasibility 
of  automatic  gauging  and  loading  controls  as  a tank  barge  oil  pollution  reduction/ 
prevention  measure. 
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5.  Conduct  a follow-on  effort  similar  to  this  current  study  to  evaluate  the 
effectiveness  of  present  and  proposed  pollution  prevention  measures;  e.g.,  in  the 
1980  time  frame  when  data  for  the  3-year  period  from  1977-1979  will  be  available. 
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Section  1 
INTRODUCTION 


BACKGROUND 

Recent  oil  spills  from  marine  vessels  have  created  increasing  concern  for  the 
adequacy  of  U.S.  maritime  safety  and  pollution  control  laws,  their  enforcement, 
and  the  adequacy  of  efforts  to  protect  U.S.  inland  and  coastal  waterways.  During 
the  3-year  period  from  1974-1976,  a total  of  approximately  2,700  tank  barge  oil 
pollution  incidents  were  reported,  with  an  associated  oil  spillage  of  about  7 mil- 
lion gallons.  As  shown  on  figure  1-1,  oil  spills  from  marine  vessels  represent 
about  one-half  of  the  total  volume  spilled  when  all  sources  are  considered.*  In 
turn,  tank  barge  incidents  comprise  about  one-quarter  of  the  oil  pollution  from 
all  marine  vessels,  as  shown  on  figure  1-2. 

Problems  relating  to  tank  barge  oil  pollution  are  presently  addressed  by  a 
number  of  Coast  Guard  mission  areas  including  Commercial  Vessel  Safety,  Marine 
Environmental  Protection,  Port  Safety,  Aids  to  Navigation,  and  Bridge  Administra- 
tion. This  has  led  to  a fragmented  overall  program.  Several  studies  of  limited 
scope  have  been  performed  which  address  reduction  or  elimination  of  marine  pollution. 
A joint  Coast  Guard/Maritime  Administration  study  focused  on  barge  construction 

standards  and  the  potential  use  of  double  hulls  to  eliminate  pollution  incidents 

2 

resulting  from  hull  damage.  Another  study  addressed  those  incidents  which  could 

3 

have  been  prevented  by  the  availability  of  vessel  traffic  services.  A third 

study  of  the  effectiveness  of  the  Coast  Guard's  Marine  Environmental  Protection 

Program  provided  a broad  overview  of  the  pollution  problems  and  an  evaluation  of 

4 

mission  objectives. 

OBJECTIVES  OF  THIS  STUDY 

The  purpose  of  this  study  is  to  analyze  in  detail  available  Coast  Guard  data 
on  tank  barge  oil  pollution  incidents  and  to  determine  and  categorize,  as  quantita- 
tively as  possible,  the  causes  of  these  incidents  and  the  extent  of  the  resulting 
pollution  over  at  least  a 3-year  period.  To  the  extent  data  was  available,  and 
within  the  time  constraints  of  this  study,'  operational  and  causal  patterns  are 
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Figure  1—1.  Oil  Pollution  from  All  Sources:  1975-1976 


identified,  present  Coast  Guard  pollution  prevention  efforts  are  examined,  and 
means  of  reducing  the  spill  volumes  and  number  of  incidents  are  investigated. 

SCOPE 

The  scope  of  this  study  has  been  limited  to  tank  barges  carrying  oil  products 
during  the  3-year  period  from  1974-1976  in  four  sample  Coast  Guard  districts;  the 
second,  fifth,  eighth,  and  ninth.  Together,  these  four  districts  provide  data  over 
a broad  spectrum  of  marine  transportation  routes  (river,  lakes,  and  ocean),  and 
they  encompass  90%  of  the  oil  volume  spilled  and  75%  of  the  total  number  of  barge 
incidents  during  the  above  3-year  period.  These  estimates  were  derived  from  a 
series  of  computer  printouts  prepared  by  G-WEP-1  and  from  computer  runs  on  the 
entire  PIRS  File  using  Vitro' s computer  facility. 

The  total  number  of  incidents  used  in  the  detailed  analysis  was  actually 
somewhat  less  than  75%  of  the  total  barge  incidents  during  1974-1976.  Limitation 
of  the  study  to  Subchapter  D barges,  and  elimination  of  some  items  due  to  the 
absence  of  definitive  causal  data,  was  responsible  for  this  reduction  in  data 
inputs.  However,  the  remaining  data,  upon  which  the  analysis  and  findings  of  this 
study  are  based,  represents  a major  portion  of  the  total  tank  barge  oil  pollution 
incident  data  available  for  the  most  recent  3-year  time  frame;  1974-1976. 

REPORT  ORGANIZATION 

The  development,  restructuring/correlation,  and  analysis  of  the  data  is 
described  in  section  2.  Results  are  presented  in  tabular  and  graphic  format 
summarizing  the  number,  causes,  and  extent  of  tank  barge  oil  spills.  Section  3 
discusses  potential  pollution  prevention  measures  within  the  framework  of  Coast 
Guard  regulations,  responsibilities,  and  procedures.  Preventive  measures  are 
summarized;  correlative  approaches  and  barge  structural  aspects  are  examined. 
Conclusions  and  recommendations  are  presented  in  section  4.  Appendixes  A through  C 
contain  a more  detailed  tabular  breakdown  of  the  data  upon  which  the  results  of  the 
study  are  based.  References  noted  in  the  body  and  tables  of  this  report  are  listed 
immediately  following  appendix  C. 
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Section  2 

DATA  DEVELOPMENT  AND  ANALYSIS 

INFORMATION  SOURCES 

The  data  base  used  in  this  study  was  developed  from  the  Pollution  Incident 
Reporting  System  (PIRS),  the  Commercial  Vessel  Casualty  Reporting  System  (CVCRS) , 
the  Inspected  Barge  File,  and  District  Penalty  Files.  This  was  supplemented  by 
discussions  with  pollution  control  and  marine  safety  personnel  in  four  principal 
Coast  Guard  district  offices.  Each  of  these  sources  contributed  an  essential 
segment  for  the  overall  analysis  of  tank  barge  oil  spill  incidents.  Following  is 
a brief  description  of  the  individual  data  sources  and  their  application  in  this 
study. 

Pollution  Incident  Reporting  System 

The  primary  source  of  tank  barge  pollution  incident  data  was  obtained  from 
the  PIRS  File.  This  data  system  was  developed  in  1971  as  a Coast  Guard  management 
tool  for  evaluating  the  effectiveness  of  its  Marine  Environmental  Protection 
Program  and  for  providing  information  to  inquiries  from  Congress,  the  press, 
industry,  academic  institutions,  other  government  agencies,  and  the  general  public. 
The  PIRS  is  the  Coast  Guard's  most  comprehensive  data  base  on  marine  pollution, 
containing  information  on  all  reported  pollution  incidents  in  the  U.S.  inland  and 
coastal  waterways.  The  information  content  and  handling  capability  of  the  system 
makes  it  amenable  to  quantitative  analysis;  this  capability  was  essential  for 
addressing  specific  problem  areas  and  for  extracting  the  detailed  PIRS  data  used 
in  this  study.  This  detailed  data  is  tabulated  in  appendix  A. 

Specific  information  on  tank  barge  oil  pollution  was  extracted  from  the  PIRS 
• File  by  G-WEP-1  and  provided  to  Vitro  via  a set  of  computer  printouts.  In  order 

to  expedite  the  large  data  extraction  effort  during  the  initial  phase  of  the 
. study,  the  PIRS  File  was  also  loaded  into  Vitro' s computer  facility  (via  magnetic 

tape)  and  additional  information  was  obtained  through  another  set  of  computer 
runs. 

The  information  extracted  from  the  PIRS  File  for  use  in  this  study  was  limited 
to  the  following: 
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1.  Tank  barges  involved  in  pollution  incidents  during  calendar  years  1974- 

1976. 

2.  Tank  barge  incidents  in  the  second,  fifth,  eighth,  and  ninth  Coast  Guard 
districts. 

3.  Tank  barges  involved  in  the  transport  of  Subchapter  D commodities  indi- 
cated by  the  PIRS  Coding  Manual"*  as  material  series  1000-1099,  oil  products  only. 

4.  Pollution  incidents  which  fell  under  one  of  the  following  PIRS  causal 
codings: 

a.  Structural  failure  or  loss 

b.  equipment  failure 

c.  Personnel  error 

Pollution  incidents  which  fell  under  the  non-definitive  category  of  "Unknown" 
were  excluded.  The  above  limitations  reduced  the  total  number  of  PIRS  incidents 
for  subsequent  analysis  tt  1,647  cases. 

Commercial  Vessel  Casualty  Reporting  System 

The  CVCRS  is  maintained  by  the  Office  of  Merchant  Marine  Safety  in  support  of 
its  enforcement  of  the  vessel  inspection  laws  contained  in  Title  46,  CFR  and  other 
Federal  Codifications.  This  is  one  of  the  oldest  data  systems  in  the  Coast  Guard 
and  has  been  in  existence  both  external  and  internal  to  the  service  for  many 
years.  The  CVCRS  File  contains  data  on  all  marine  casualty  incidents  which  fall 
into  one  or  more  of  the  following  areas 

1.  Actual  physical  damage  to  property  in  excess  of  $1,500. 

2.  Material  damage  affecting  the  seaworthiness  or  efficiency  of  a vessel. 

3.  Stranding  or  grounding  (with  or  without  damage). 

4.  Loss  of  life. 

5.  Injury  causing  any  person  to  remain  incapacitated  for  a period  in  excess 

of  72  hours,  except  injury  to  harbor  workers  not  resulting  in  death  and  not  resulting 
from  vessel  casualty  or  vessel  equipment  casualty. 

District  Penalty  Files 

Approximately  1,300  of  the  pollution  incidents  extracted  from  the  PIRS  (those 
falling  into  the  areas  previously  called  out  in  the  discussion  of  the  PIRS)  were 
identified  as  having  had  penalty  action.  Listings  of  these  penalty  cases  were 
generated  for  each  of  the  four  sample  districts.  These  were  used  in  subsequent 
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visits  to  district  offices  to  locate  and  examine  the  individual  files  for  each 
incident.  A typical  district  penalty  file  case  contains: 

1.  A Coast  Guard  Investigative  Report  which  describes  the  nature  of  the 
pollution  incident  and  the  quantity  spilled.  This  report  forms  the  basis  for 
eventual  data  input  into  the  PIRS. 

2.  A statement  by  tankerman  or  cargo  transfer  personnel  describing  how  the 
spill  occurred  and  a Declaration  of  Inspection  (DOI). 

3.  Correspondence  between  the  Coast  Guard  and  owners  of  the  tank  barge. 

4.  In  some  instances,  pictures  showing  the  spill  and  damage. 

Because  of  the  large  total  sample  population  (about  1,300  incidents),  time 
constraints  of  the  study,  and  in  order  to  minimize  any  interference  with  the 
operational  duties  of  the  district  offices,  only  32%  of  these  penalty  cases  were 
selected  for  review.  Priority  was  assigned  to  the  most  recent  incidents  involving 
major  oil  spills. 

Inspected  Barge  File 

The  Inspected  Barge  File  was  obtained  from  the  Office  of  Merchant  Marine 
Safety.  This  was  used  to  provide  information  concerning  the  types  of  hulls  for  the 
specific  barges  involved  in  the  pollution  incident  cases  extracted  for  use  in  this 
study  from  the  PIRS  and  CVCRS  Files. 

District  Office  Visits 

Discussions  with  marine  pollution  personnel  in  the  four  Coast  Guard  districts 
visited  provided  supplementary  information  and  a more  comprehensive  understanding 
of  the  scope  of  the  Coast  Guard's  pollution  prevention  responsibilities.  This 
information  proved  useful  in  consideration  of  potential  pollution  prevention 
measures.  However,  care  was  taken  to  ensure  that  these  expert  opinions  and  judge- 
ments were  not  applied  improperly.  Conclusions  and  recommendations  of  the  study 
are  based  on  analysis  of  the  data,  unless  specifically  identified  as  judgements 
resulting  from  the  above  interviews  and  discussions. 

DATA  ANALYSIS 

The  data  analysis  effort  was  initially  focused  on  isolation  of  the  major 
causes  of  tank  barge  oil  spill  incidents.  A more  definitive  data  base  was  then 
developed  for  subsequent  review  and  further  analysis.  Although  occurrences  of 
pollution  incidents  are  reported  and  described  in  a concise  tabulated  format, ^ this 
descriptive  information  does  not  lend  itself  readily  to  the  in-depth  causal 


categorization  and  analysis  required  to  meet  the  objectives  of  this  study.  There- 
fore, restructuring  of  data  and  rearrangement  of  causal  combinations  was  necessary 
before  continuing  with  further  analytical  efforts. 

This  process  is  described  in  the  immediately  following  paragraphs.  The  data 
restructuring/correlation  process  and  results  of  analysis  of  the  restructured  data 
are  presented  in  graphic  and  tabular  format. 

PIRS  Data  Restructuring 

After  preliminary  examination  and  analysis  of  the  information  obtained  from 
the  PIRS  File,  it  was  apparent  that  a more  definitive  and  consistent  data  base  for 
the  purposes  of  this  study  could  be  derived  by  restructuring  of  some  of  the  PIRS 
causal  codings.  Rearrangement  of  causal  combinations  shifted  the  emphasis  from 
what  was  previously  given  as  the  nature  of  the  casualty  to  why  the  incident  occurred. 
Figure  2-1  illustrates  the  potential  causal  coding  combinations.  The  following 
major  causal  areas  are  indicated: 

1.  Structural  Failure  or  Loss 

2.  Equipment  Failure 

3.  Personnel  Error 

4 . Unknown 

Causal  combinations  are  entered  into  the  PIRS  by  selecting  the  most  appropriate 
Immediate  Cause  and  Contributing  Factor  under  one  of  the  four  major  headings 
above . ^ 

The  type  of  information  obtained  from  a typical  query  of  the  PIRS  File  is 
shown  in  table  2-1;  this  presents  the  number  of  incidents  and  volume  of  the  oil 
spill  attributed  to  each  of  the  major  causes.  Referring  back  to  the  PIRS  causal 
code  breakdown  on  figure  2-1,  it  is  seen,  for  example,  that  Equipment  Failure  is 
associated  with  a number  of  events.  Therefore,  a PIRS  causal  combination  arrange- 
ment was  developed  as  defined  in  table  2-2  which  attempts  to  categorize  the  under- 
lying cause  of  the  incident  in  a more  definitive  and  accurate  manner.  As  an 
example  of  this  restructuring  process,  valve  failure  resulting  from  material  fault 
(coding  M-D  on  figure  2-1)  has  remained  in  the  causal  category  Equipment  Failure; 
however,  valve  failure  resulting  from  improper  valve  operation  (coding  M-J  on 
figure  2-1)  has  now  been  placed  in  the  causal  category  Personnel  Error. 

In  addition,  incidents  which  had  previously  been  described  as  Structural 
Failure  or  Loss  have  been  placed  under  the  new  category  of  Hull  Damage.  Implication 
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TABLE  2-1.  TANK  BARGE  OIL  POLLUTION  INCIDENTS:  1974-1976 

PIRS  CAUSAL  CATEGORIES 
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Immediate  Cause 

Contributing  Factor 

(1)  Structural  Failure  or  Loss 

A Hull  rupture  or  leak 

B Tank  rupture  or  leak 

H Other  structural  failure 

A Collision  K Design  fault 

B Croundlng  L Personnel  error 

C Fire  & explosion  (PE)  improper 

C Capsizing  and  Over-  maintenance 

turning  M PE  - over- 

E Sinking  pressurization 

F Other  casualty  N Other  personnel 

G Adverse  weather  or  error 

sea  conditions  0 Corrosion 

H Earthquake  or  other  Q Other  or  unknown 

natural  disaster  factor 

I Minor  damage  R Ramming 

J Material  fault 

(2)  Equipment  Failure 

I Pipe  rupture  or  leak 

J Hose  rupture  or  leak 

K Manifold  rupture  or  leak 

M Valve  failure 

N Pump  failure 

0 Flange  failure 

P Gasket  failure 

R Other  equipment  failure 

A Minor  damage  J PE  - improper 

B Excessive  wear  valve  operation 

C Corrosion  K PE  - flanges  im- 

D Material  fault  properly  secured 

E Design  fault  L PE  - over- 

F PE  - improper  pressurization 

installation  M Other  personnel 

G PE  - improper  error 

maintenance  P Other  or  un- 

H PE  - hose,  pipe,  or  known  factor 

loading  arm  cut  or 
severed 

I PE  - hose,  pipe,  or 
loading  arm  twisted 
or  kinked 

(3)  Personnel  Error 

(Unintentional  Discharge) 

S Tank  overflow 

T Improper  equipment 
handling  or  operation 

W Other  personnel  error 

A Inadequate  sounding  H Flanges  lm- 

B Failure  to  shut  down  properly  secured 

C Topping  off  at  ex-  I Failure  to 

cessive  rate  communicate 

D Loading  too  many  J Inattention  to 

tanks  simultaneously  duty 

E Overfilling  (and  sub-  K Other  or  un- 

sequent  overflow)  known  factor 

F Improper  hose  handl-  L Improper  training 
ing 

G Improper  valve 
operation 

(4)  Unknown  Cause 

Z Unknown 

Z Unknown 

Figure  2-1.  PIRS  Composite  Causal  Combination  Codes 
(Source:  PIRS  Coding  Manual,  pp.  41-43) 
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TABLE  2-2.  TANK  BARGE  OIL  POLLUTION  STUDY 
PIRS  CAUSAL  COMBINATION  DEFINITIONS 


Causal  Coding 

Original  PIRS 
Causal  Combination* 

PIRS  Causal 
Combination 
Recateporizat i on 

Structural  Failure 

(A,B,H)  with  A-R 

- 

Personnel  Error 

(S,T,W)  with  A-L 

(A,B,H)  with  L,M,N, 
(I-R)  with  F-M 
(S,T,W,)  with  A-L 

Equipment  Failure 

(I-R)  with  A-P 

(I-R)  with  A-E,  P 

Hull  Damage 

- 

(A,  B,  H)  with  A-K,  0, 

Q.R. 

* Source:  PIRS, CG-450,  1976,  pp.  41-43 
(Refer  to  ftp, ure  2-1) 


of  structural  failure  (failure  of  the  barge  structure  to  perform  an  anticipated 
action),  in  that  the  hull  or  tank  was  breached  due  to  non-barge  design  loadings 
such  as  caused  by  groundings  and  collisions,  is  an  inaccurate  assessment  of  the 
performance  of  the  barge  structure  as  designed.  The  Hull  Damage  category  provides 
a more  definitive  descriptive  account  of  the  nature  of  the  casualty,  but  is  vague 
as  far  as  definition  of  the  underlying  cause  is  concerned;  collisions  and  groundings 
are  more  descriptive  of  how  the  incident  occurred,  but  the  causes  of  the  collision 
or  grounding  are  indeterminate. 

Based  on  the  new  definitions  and  the  type  of  causal  combination  rearrangement 
described  above,  more  definitive  data  was  culled  from  the  PIRS  File  and  is  presented 
in  table  2-3.  This  restructuring  has  resulted  in  a shift  of  the  causal  pattern 
between  equipment  related  incidents  and  personnel  related  incidents.  An  increase 
in  the  number  of  personnel  related  incidents  resulted  from  placing  equipment  misuse 
incidents  under  the  Personnel  Error  category. 

PIRS/CVCRS  Data  Correlation 

An  attempt  was  made  to  develop  further  insight  concerning  the  underlying 
causes  for  incidents  categorized  under  Hull  Damage  by  cross  referencing  those 
incidents  which  appeared  in  both  the  PIRS  and  the  CVCRS.  This  was  accomplished  by 
using  the  official  number  of  the  barge  and  the  date  of  the  incident  as  the  common 
factors.  Only  47  incidents  were  matched  up  by  this  process.  Based  on  the  type  of 
incidents  which  are  entered  into  both  systems,  it  was  originally  anticipated  that 
a greater  number  of  incident  matches  would  be  obtained,  especially  for  the  cases 
in  which  grounding  occurred  and  pollution  resulted.  Discussions  with  district 
personnel  indicated  that  the  probable  reason  for  the  smaller  number  than  expected 
is  the  discretionary  measures  they  must  use  in  investigating  these  incidents. 

Although  many  oil  pollution  incidents  occur  annually,  only  those  which  happen  as  a 
result  of  a marine  casualty,  as  defined  by  law,  are  examined  under  the  marine 
casualty  procedures.  All  others  are  investigated  as  pollution  incidents  and  are 
subsequently  entered  into  the  PIRS. 

Each  of  the  casualty  incidents  are  backed  by  a comprehensive  casualty  investi- 
gation, copies  of  which  are  available  at  the  Office  of  Merchant  Marine  Safety.  For 
the  47  incident  matches  identified,  the  casualty  reports  were  reviewed  and  more 
comprehensive  causal  information  was  developed  for  those  incidents  involving  hull 
damage.  The  results  of  matching  the  two  files  are  shown  in  table  2-4.  Approximately 
70%  of  these  incidents  were  directly  attributed  to  personnel  error  resulting  from 
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TABLE  2-3.  TANK  BARGE  OIL  POLLUTION  INCIDENTS:  1974-1976 
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TABLE  2-4.  CAUSAL  ANALYSIS  OF  CVCRS  FILE  FOR  INCIDENTS 
INVOLVING  TANK  BARGE  HULL  DAMAGE 


Cause 

Number  of  Incidents 

Total  Spill  Volume 
(pal) 

Equipment  Failure 

1 

8,400 

Personnel  Error 

32 

1,531,000 

Weather  Conditions 

4 

607 

Unknown 

10 

13,581 

Total 

47 

1,553,588 
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pilot  errors  during  underway  operations.  Detailed  descriptions  of  these  incidents 
are  provided  in  the  tabulation  in  appendix  B. 

Penalty  Incident  Data 

Causal  analysis  of  416  cases  in  the  District  Penalty  Files  is  presented  in 
table  2-5.  This  data,  which  basically  supports  the  PIRS  causal  codings,  has  also 
been  restructured  in  essentially  the  same  manner  as  previously  described  for  the 
PIRS  data  restructuring.  Any  coding  errors  evident  during  the  analysis  of  each  of 
the  files  were  corrected.  The  results  indicate  the  same  trend  previously  found  in 
the  PIRS  data  analysis.  Incidents  resulting  in  hull  damage  encompass  the  bulk  of 
the  pollution  spill  volume,  while  personnel  error  is  the  source  of  the  greatest 
number  of  spills.  In  the  416-case  sample  considered  here,  Hull  Damage  and  Per- 
sonnel Error  were  more  evenly  distributed  than  in  the  larger  PIRS  sample  previously 
described  and  summarized  in  table  2-3.  This  is  due  to  priority  given  to  the  more 
recent  and  major  incident  cases  during  the  review  process  at  the  district  offices. 
Nature  and  Extent  of  Tank  Barge  Oil  Pollution 

Minor  pollution  incidents  are  generally  passive  in  nature  in  that  they  occur 
during  other  than  the  actual  transport  phase  of  tank  barge  operations.  As  indicated 
on  figure  2-2,  minor  incidents  are  numerous  but  are  responsible  for  only  a small 
portion  of  the  overall  spill  volume. 

Transfer  operations  are  the  primary  activities  which  generate  the  minor 
pollution  incidents,  as  shown  in  table  2-6.  These  activities  are  intimately 
interrelated  with  shore  facility  operations.  The  associated  oil  pollution  incidents 
are  continuing  day-to-day  occurrences  which  individually  attract  little  public 
awareness,  and  their  cumulative  impact  is  difficult  to  quantify.  The  small  volumes 
of  these  spills  generally  facilitates  industry  booming  and  cleanup.  This  was 
evident  from  review  of  the  District  Penalty  Files. 

The  primary  reasons  for  these  minor  incidents,  as  shown  on  figure  2-3,  in- 
volve personnel  error.  Problems  range  from  seemingly  unavoidable  misjudgements  to 
actions  which  reflect  carelessness  or  lack  of  experience.  For  example,  a mandatory 
procedure  prior  to  any  transfer  operation  is  the  signing  of  the  DOI  by  the  tanker- 
man  and  the  shore  facility  operator.  The  DOI  is  a listing  of  preventive  measures 
which  involve  checking  all  connections,  flanges,  valves,  etc.  Numerous  incidents 
were  attributed  to  improper  installation  of  flanges  or  valves.  Such  incidents 
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Figure  2-2.  Number  of  Tank  Barge  Oil  Spill  Incidents 
During  Major  Transport  and  Nontransport 
Activities:  1974-1976 


2-13 


VOLUME  SPILLED  (PERCENT) 


NUMBER  OF  INCIDENTS 


I 


RECEIVING  DISCHARGING  UNDERWAY  (68) 

CARGO  (52)  CARGO  (53) 


Figure  2-3.  Major  Causes  of  Tank  Barge  Oil  Spills  During  Transfer  and 

Transport  Activities:  1974-1976 
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41 


could  have  been  prevented  if  greater  scrutiny  was  given  to  the  contents  of  the 
DOI,  rather  than  treating  it  as  a formality  prior  to  transfer  operations. 

It  should  be  noted  that  some  of  the  minor  incidents  discovered  during  transfer 
operation  were  associated  with  prior  underway  activities  such  as  minor  groundings 
or  collisions  (from  discussions  with  district  personnel).  However,  the  data  was 
used  as  reported  in  the  PIRS. 

Tank  Barge  Operations 

The  five  major  tank  barge  activities  are: 

1.  Cargo  Transfer 

2.  Transport 

3.  Repair 

4.  Cleaning 

5.  No  Operation 

The  bulk  of  pollution  incident  occurrences  are  associated  with:  (1)  cargo 
transfer,  which  involves  the  receipt  and  discharge  of  cargo,  fuel,  and  ballast; 
and  (2)  transport  activity,  which  covers  underway  operations,  mooring,  lightering, 
and  anchoring.  Of  the  remaining  three  activities,  only  "No  Operation"  is  signifi- 
cant in  terms  of  the  spill  volumes  and  number  of  incidents.  Interestingly,  this 
categorization  represents  an  example  of  potential  system  coding  improvement  since 
all  tank  barge  operations  should  be  grouped  under  vessel-related  operations. 
Changing  PIRS  operation  coding  (99)  from  "Unknown"  to  "Unknown  or  No  Operation" 
would  tend  to  reduce  the  use  of  the  (00)  "No  Operation"  coding  in  relation  to  tank 
barge  incidents.  These  definitions  of  the  tank  barge  operation  cycle  were  pro- 
grammed through  the  PIRS  data  for  the  four  representative  districts  and  the  three 
calendar  years  of  this  study,  producing  the  results  shown  in  table  2-6. 

Illustrative  of  the  care  with  which  the  PIRS  data  must  be  exercised  is  the 
fact  that  the  tabulated  total  of  1,497  incidents  represents  only  91%  of  the  total 
incidents  reflected  in  tables  2-1  and  2-3.  Review  of  the  PIRS  incident  data 
sheets,  printed  out  for  use  in  this  study,  indicated  a large  number  of  operation 
codings  (05),  (06),  (07),  etc.;  these  are  more  properly  related  to  facility  and 
land  transportation,  vice  barge  operations.  In  programming  to  profile  the  barge 
operation,  these  codings  were  not  called  out  and  accordingly  were  not  included  in 
the  totals  of  table  2-6.  Their  inclusion  would  not  alter  the  profile  presented 
since  they  would,  if  included,  fall  in  the  same  line  activity  as  if  they  had  been 
properly  coded  using  vessel -related  codes.  Figure  2-2  pictorially  presents  the 
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same  information  and  clearly  indicates  that  transfer-related  spills  contribute  the 
greatest  number  of  tank  barge  oil  pollution  incidents,  while  transport-related 
spills  produce  the  largest  spill  volumes. 

Appendix  C contains  a detailed  tabulation  of  the  spill  volume  category  (minor 
spills  £100  gal,  major  spills  >100  gal)  and  number  of  oil  pollution  incidents 
associated  with  the  five  major  tank  barge  activities.  This  breakdown  was  derived 
from  the  PIRS  File  in  accordance  with  the  coding  assigned  to  each  of  the  individual 
functions  shown  under  the  major  activity  items. 

Having  examined  the  overall  barge  operation  by  line  item  activities,  it 
became  apparent  that  transfer  and  transport  are  the  operational  phases  which 
foster  tiie  largest  number  of  spill  incidents  and  volume  spilled  (see  figure  2-2). 
Within  these  activities,  receiving  cargo  (PIRS  code  52),  discharging  cargo  (53), 
and  underway  (68)  are  the  three  predominant  operations  causing  pollution  (see 
appendix  C).  Employing  the  same  concept  previously  utilized  in  generating  the 
restructured  PIRS  causal  data,  the  causal  combination  definitions  set  forth  in 
table  2-2  were  utilized  to  analyze  each  of  these  operations  and  to  develop  the 
causal  breakdown  shown  in  figure  2-3.  Discounting  the  large  percentage  of  incidents 
for  which  no  fundamental  cause  could  be  determined  using  only  the  PIRS  data,  it  is 
evident  that  personnel  error,  and  not  equipment  failure,  is  the  predominant  causal 
factor.  This  is  most  pronounced  in  the  Receiving  Cargo  phase  when  the  barge 
tankerman  may  be  lading  at  rates  in  excess  of  2,500  barrels  an  hour,  with  little 
control  over  the  lading  rate  other  than  via  communication  with  the  dockman.  The 
number  of  incidents  and  the  percentage  of  spills  attributed  to  personnel  error  are 
materially  reduced  when  the  barge  is  engaged  in  cargo  discharge.  In  the  latter 
operational  phase,  the  tankerman  has  positive  control  over  the  transfer  pump,  an 
important  consideration  from  the  viewpoint  of  improved  pollution  control.  Since  he 
nominally  is  considered  the  individual  with  the  prime  responsibility  for  pollution- 
free  transfer,  control  of  the  pumping  medium  provides  him  with  authority  commensurate 
with  his  designated  responsibility.  The  intimate  interrelationship  of  barge  and 
facility  during  the  lading  activity  is  important  and  regulatory  effects  to  reduce 
barge  pollution  incidents  should  be  keyed  to  the  concept  of  a pollution  control 
boundary  which  includes  both.  Regulation  cannot  look  solely  on  one  side  or  the 
other  of  the  hookup  flange. 

Since  most  PIRS  causal  codings  for  underway  incidents  involve  collision, 
grounding,  or  unknown  contributing  factors,  the  basic  rauses  of  those  incidents 
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cannot  be  determined  without  more  detailed  factual  data.  Some  of  the  causes  will 
be  amplified  by  examining  the  small  casualty  file  sample  in  appendix  B;  however, 
figure  2-3  indicates  that  personnel  error  is  an  important  causal  factor  in  all 
three  of  the  major  operational  phases  examined. 

Multiple  Offenders 

Tank  barges  involved  in  more  than  one  incident  over  the  3-year  period  from 
1974-1976  were  identified  through  a computer  search  of  the  PIRS  File.  A total  of 
304  barges  were  identified  which  were  involved  in  more  than  one  pollution  incident; 
these  barges  accounted  for  a total  of  565  incidents.  For  the  purposes  of  further 
analysis,  repeat  offenders  were  defined  as  those  barges  which  were  involved  in  four 
or  more  incidents  over  the  3-year  period.  This  singled  out  50  barges  which  were 
responsible  for  a total  of  259  oil  pollution  incidents,  with  a total  oil  spill 
volume  of  1,939,092  gallons. 

Operational  and  causal  data  for  these  50  repeat  offenders  is  provided  in  table 
2-7.  The  bulk  of  the  incidents  appear  to  occur  during  facility  transfer  operations 
and  the  cause  of  the  incident  is  attributed  mainly  to  hull  damage.  Eighty-five 
percent  of  the  incidents  occurred  during  transfer  activities  at  a facility,  and  131 
(52%)  of  the  incidents  involved  some  type  of  hull  damage.  It  should  be  noted  that, 
in  the  analysis  of  operations  and  causes,  several  coding  omissions  in  each  of  the 
groups  resulted  in  the  omission  of  four  incidents  for  the  operational  analysis  and 
seven  incidents  for  the  causal  analysis. 

Since  hull  damage  incidents  contribute  the  bulk  of  oil  spilled,  an  in-depth 
analysis  was  made  of  the  131  hull  damage  incidents  identified  in  table  2-7.  The 
results  of  this  breakdown  are  presented  in  table  2-8.  Forty-seven  of  the  50  repeat 
barges  in  table  2-8  were  single-hulled  (94%);  these  contributed  to  119  pollution 
incidents  with  a total  of  almost  2 million  gallons  of  oil  spilled.  Only  three 
double-hulled  barges  were  repeat  offenders,  but  in  only  one  incident  was  the  cause 
related  to  hull  damage.  In  this  incident,  50  gallons  of  oil  were  spilled;  an  in- 
significant portion  of  the  total  volume.  The  eight  double-hull  related  incidents 
in  the  second  and  eighth  districts  were  attributed  to  personnel  errors  and  equipment 
failures,  and  did  not  involve  damage  to  the  hull. 

The  repeat  barge  incidents  represent  about  25%  of  the  total  number  of  hull 
damage  incidents  and  50%  of  the  total  oil  volume  spilled  for  incidents  related  to 
hull  damage.  Even  though  a relatively  small  sample  was  considered,  the  results 
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TABLE  2-7.  REPEAT  TANK  BARGE  OIL  POLLUTION  OFFENDERS  - CAUSAL  DATA 
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amplify  the  sensitivity  of  the  single-hulled  barge  for  sustaining  hull  damage  and 
for  contributing  to  the  bulk  of  the  volume  of  oil  spillage. 
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Section  3 


PREVENTIVE  MEASURES 

GENERAL  CONSIDERATIONS 

An  overview  of  the  tank  barge  oil  pollution  problem  is  illustrated  on  figure 
3-1.  This  shows  not  only  the  broad  technical  considerations  (causes  and  major 
parameters  associated  with  tank  barge  oil  spills),  but  also  points  out  the  interfaces 
and  involvement  with  the  industrial  and  public  sectors. 

In  section  2 of  this  report,  detailed  examination  of  available  data  was  per- 
formed to  derive  quantitative  characteristics  of  the  nature,  exLent,  and  causes  of 
tank  barge  oil  pollution  incidents.  the  analysis  of  preventive  measures  discussed 
in  this  section  is  based  on  the  results  derived  in  section  2,  supplemented  by  in- 
formation and  clarification  obtained  in  discussions  with  Coast  Guard  personnel 
during  visits  to  the  four  Coast  Guard  districts;  the  second,  fifth,  eighth,  and  ninth. 
Assessment  of  pollution  prevention  measures  and  their  effectiveness  is  based  on 
the  subjective  judgement  of  the  authors,  with  the  supportive  information  described 
above  providing  the  definitive  characteristics  and  the  quantitative  basis  for  this 
assessment . 

The  entire  pollution  prevention  process  must  be  examined  within  the  framework 
of  the  Coast  Guard's  overall  "system"  for  monitoring,  investigation,  adminis- 
stration,  evaluation,  and  regulation  associated  with  tank  barge  pollution  incidents. 

An  overview  of  the  Coast  Guard's  pollution  prevention  procedures  is  shown  on 
figure  3-2.  It  is  within  this  framework  or  context  that  tank  barge  pollution 
prevention  measures  are  considered. 

ANALYSIS  OF  PREVENTIVE  MEASURES 

Although  the  greater  number  of  incidents  for  a purely  statistical  analysis  is 
contained  in  the  PIRS  data  (see  appendix  A),  the  more  definitive  causal  data  ob- 
tained through  supplemental  examination  and  analysis  of  the  District  Penalty  Files 
and  the  narrative  reports  of  the  CVCRS  File  provided  a more  accurate  basis  for 
assessment  of  pollution  prevention  measures.  The  above  data  represents  those 
cases  for  which  additional  information  was  obtained  and  verification  and/or  clari- 
fication of  PIRS  File  data  was  essentially  effected. 
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Figure  3-1.  Nature  and  Extent  of  Tank  Barge  Oil  Polluti 


BEFORE  C I > AFTER 
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Hull  damage  was  a primary  cause  of  pollution,  especially  from  the  viewpoint 
of  oil  volume  spilled.  However,  as  indicated  on  figure  3-1,  interfaces  between 
personnel,  equipment,  and  hull  design  are  an  important  aspect  of  the  overall 
pollution  prevention  problem.  Improvement  in  barge  structure  and  design  will  not, 
by  itself,  prevent  oil  pollution;  therefore,  essential  to  any  future  pollution 
prevention  efforts  is  consideration  of  all  the  underlying  causes  and  their  inter- 
faces. This  was  the  general  approach  taken  in  this  study,  which  is  reflected  in 
the  discussion  of  preventive  measures  which  follows. 

Types  of  Preventive  Measures  Considered 

The  following  four  basic  measures  were  considered  for  reducing  or  preventing 
tank  barge  oil  spills: 
o Hull  Design 
o Coamings 
o Tankerman  Training 
o Pollution  Prevention  Regulations 

Two  of  the  above  preventive  measures  (tankerman  qualification  requirements  upgrade^ 

g 

and  an  intensification  of  pollution  prevention  regulations  ) are  currently  being 
processed  through  Federal  administrative  procedures  for  eventual  incorporation 
into  existing  regulations.  Barge  coamings  and  full  or  partial  double-hull  require- 
ments have  been  considered  in  the  past  as  pollution  prevention  measures  for  Sub- 
chapter D barges. 

Assessment  of  District  Penalty  File  Data 

Subjective  application  of  the  four  basic  preventive  measures  was  made  to  each 
of  the  416  District  Penalty  File  incidents  reviewed  in  this  study;  the  detailed 
results  are  shown  in  table  3-1.  Approximately  33%  of  the  incidents  may  have  been 
prevented  by  double  containment  of  the  cargo;  10%  by  installation  of  deck  coamings; 
24%  by  improved  tankerman  performance;  21%  by  either  installation  of  coamings  or 
improved  tankerman  performance;  and  2%  by  intensified  regulatory  presence.  For  40 
incidents  (approximately  10%  of  the  total)  there  was  insufficient  data  upon  which 
to  base  a reasonable  judgement;  these  cases  are  indicated  as  Indeterminate  in 
table  3-1. 

Assessment  of  CVCRS  Data 

The  47  CVCRS  pollution  incidents  previously  categorized  as  caused  by  Hull 
Damage,  obtained  by  cross-referencing  and  matching  to  PIRS  incidents  (see  section 
2,  PIRS/CVCRS  Data  Correlation)  were  examined  to  asspss  the  effect  of  double-wall 
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TABLE  3-1.  ANALYSIS  OF  OIL  SPILL  PREVENTIVE  MEASURES 
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or  double-bottom  construction  as  preventive  measures.  Double  wall  refers  to  tank 
barges  with  longitudinal  inner  bulkheads,  port  and  starboard,  between  the  rake 
bulkheads.  Double  bottom  refers  to  tank  barges  with  a continuous  inner  bottom 
between  rake  compartments.  Double-wall  and  double-bottom  construction  will  be 
referred  to  as  double  hull.  The  results  are  shown  in  table  3-2.  Twenty-six  of  the 
47  incidents  (approximately  55%)  may  have  been  prevented  by  double-wall  or  double- 
bottom construction.  In  four  cases  (approximately  9%)  double-wall  or  double- 
bottom construction  would  have  had  no  effect.  For  the  remaining  17  incidents 
(approximately  36%)  there  was  insufficient  data  upon  which  to  base  a reasonable 
assessment;  these  are  indicated  as  Indeterminate  in  table  3-2. 

TANKFRMAN  TRAINING 

Better  trained  tankerman  and  transfer  personnel  are  necessary  for  reduction 
of  tank  barge  oil  pollution  incidents.  Tankerman  performance  deficiencies  were 
the  cause  of  a large  number  of  small  oil  spills.  These  deficiencies  were  confirmed 
during  discussions  with  Coast  Guard  district  office  personnel. 

Sixty-five  percent  of  the  spills  attributed  to  personnel  elror  resulted  from 
tank  or  ullage  opening  overflow,  rather  than  from  manifold  leaks,  ruptures,  or 
caehment  overflow.  The  potential  sources  for  these  minor  spills  are  listed  on  the 
1)01.  Greater  adherence  to  Lhe  DOI,  and  conscientious  scrutiny  of  its  contents  by 
both  tankerman  and  shore  personnel,  could  prevent  many  minor  incidents. 

The  currently  proposed  Tankerman  Regulations  may  help  correct  some  of  the 
present  deficiencies.  Characteristic  of  the  proposals  are  training  curriculum 
outlines,  prerequisite  elegibility  requirements,  and  tankerman  endorsement  grades 
tailored  to  the  particular  transfer  service  for  which  the  applicant  will  be  certi- 
fied. For  both  major  and  minor  spills,  improved  personnel  performance  could  have 
been  effective  in  preventing  pollution  for  about  one-half  of  the  incidents  reviewed 
(see  table  3-1). 

COAMINGS 

Coaming  installations  could  have  been  effective  in  preventing  oil  spills  in 
over  one-half  of  the  minor  pollution  incidents  (see  table  3-1).  However,  this 
preventive  measure  would  probably  be  ineffective  for  major  spills.  All  spills  of 
more  than  100  gallons  were  considered  to  be  uncontrolled  by  coaming  installation. 

The  numerous  minor  overflows  from  ullage,  expansion  trunks,  and  butterworth 
accesses  could  be  precluded  from  being  pollution  incidents  by  preventing  their 
entrance  into  the  surrounding  water.  Some  mandatory  coaming  requirements,  other 
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TABLE  3-2.  EFFECT  OF  HULL  DESIGN  ON  TANK  BARGE  POLLUTION  PREVENTION 


than  the  present  optional  manifold  and  cargo  connection  cachment  requirements  of 
33  CFR  155.310(a),  are  indicated.  In  some  instances,  it  was  apparent  that  cargo 
connection  cachments  were  filled  with  oil  due  to  a previous  minor  spill.  These 
were  not  emptied,  thereby  rendering  the  cachment  useless  should  another  spill 
occur. 

Resistance  to  coamings  in  the  past  has  been  centered  on  the  potential  un- 
desirable deck  accumulation  of  low  flash  point  commodities  sucli  as  gasoline.  On 
several  occasions  during  the  review  of  District  Penalty  Files,  tankerman  statements 
indicated  deliberate  washdown  as  a safety  measure  in  the  case  of  gasoline  spills. 
Figure  3-3  indicates  that  gasoline  spills  represent  a relatively  small  portion  of 
the  total  incidents  in  the  four  districts  sampled.  Some  spills  may  not  be  reported, 
due,  partially,  to  the  highly  volatile  nature  of  products  which  dissipate  quickly. 
The  fact  that  transfer  operations  are  conducted  under  inherently  fire-safe  condi- 
tions, and  the  careful  means  with  which  the  light  products  are  handled,  may  offset 
the  avowed  unsafe  aspects  of  coaming  containment. 

DOUBLE  HULLS 

The  effectiveness  of  doubled-hulled  vessels  as  a pollution  prevention  measure 

2 

was  indicated  in  a recent  joint  MARAD/USCG  study  project  . Although  this  present 
study  does  not  involve  a similar  structural/economic  analysis,  the  results  indicated 
in  tables  3-1  and  3-2  tend  to  support  the  effectiveness  of  double  hulls  in  prevent- 
ing pollution  in  those  incidents  involving  hull  damage.  In  addition,  similar 
indication  of  the  effectiveness  of  double-hulled  barges  is  shown  by  the  results  of 
the  analysis  of  multiple  offenders  in  section  2 (see  table  2-8). 

A detailed  description  of  the  type  of  damage  incurred  by  tank  barges  is  pro- 
vided in  appendix  B for  the  cases  identified  in  the  CVCRS  File.  Double  walls  were 
judged  effective  in  the  case  of  side  damage,  and  double  bottoms  in  the  case  of 
grounding  and  bottom  damage.  In  those  cases  where  the  damage  description  was  not 
specific,  the  corrective  measure  was  judged  indeterminate;  where  double  hulls 
would  not  have  effectively  deterred  a pollution  incident,  the  classification  "No 
Effect"  was  assigned.  Although  a very  small  sample,  87%  of  the  incidents  for 
which  a determination  of  double-hull  effectiveness  could  be  made  would  probably 
have  been  preventable.  Four  of  the  barges  in  the  sample  were  double  hulled,  two 
were  empty  and  were  incorrectly  cited  as  pollution  sources  in  the  PIRS  listing, 
and  one  involved  a system  failure  for  which  the  hull  configuration  could  not  have 


Figure  3-3.  Major  Tank  Barge  Oil  Cargo  Spills  for  Sample  Districts:  1974-1976 


been  considered  a preventive  measure.  In  only  one  incident,  which  apparently 
Lnvolved  a heavy  grounding  as  indicated  by  the  reported  excessive  deck  buckling, 
did  the  double-hull  configuration  fail  to  prevent  pollution. 

The  majority  of  the  incidents  from  the  CVCRS  (described  in  appendix  B)  occurred 
at  night  when  reduced  visibility  may  have  impaired  the  operator’s  perception  of 
distance,  drift,  wind,  current,  and  similar  parameters  affecting  the  underway 
phase  of  tank  barge  operations.  The  bulk  of  the  incidents  were  major  spills 
occurring  underway,  involving  collisions  or  groundings,  and  resulting  in  hull 
damage  and  large  volumes  of  oil  spilled. 

Fortunately,  there  has  been  a slow,  but  steady  increase  in  Lhe  relative 
number  of  double-hulled  Subchapter  D barges  in  the  commercial  fleet,  as  indicated 
on  figure  3-4.  The  results  of  this  study  support  continued  effort  in  this  direction 
as  a deterrent  to  tank  barge  oil  spills,  especially  with  regard  to  reduction  in 
the  total  spill  volume;  large  oil  spill  volumes  are  frequently  associated  with 
tank  barge  incidents  involving  hull  damage  and  rupture.  However,  the  present 
higher  insurance  rates  for  double  hulls  and  the  low  liability  for  oil  spills 
essentially  constitute  a disincentive  toward  implementation  of  double-hull  con- 
struction. 

OTHER  PREVENTION  CONSIDERATIONS 

Many  of  the  minor  pollution  incidents  which  occurred  as  a result  of  tank 
overflows  could  have  been  prevented  by  improved  gauging  techniques  and  a higher 
level  of  performance  by  attendant  personnel.  Closely  allied  to  the  need  for 
improved  gauging  capability  is  more  positive  control  of  shore-based  pumping  sources. 
Any  efforts  directed  toward  barge  control  of  remote  pumping  sources  must  consider 
shoreside  throttling,  recirculation,  or  automatic  flow  diversion  capabilities  in 
the  event  of  barge  shutdown  action.  Both  improved  gauging  and  loading  control 
techniques  are  worthy  of  state-of-the-art  investigations  as  potential  alternate 
pollution  control  strategies. 

Although  this  study  did  not  focus  on  the  dockman  as  a significant  pollution 
incident  causal  factor,  he  is  closely  related  to  the  loading  operation  and  to  the 
tank  barge  as  a pollution  source.  Pollution  control  efforts  associated  with 
licensing  of  dockside  personnel,  under  regulations  similar  to  those  currently 
proposed  for  tankerman,  might  prove  effective.  This  is  particularly  important  if 
the  technical  shortcomings  of  barge  control  of  shoreside  pumping  facilities  cannot 
be  overcome. 
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Section  4 

CONCLUSIONS  AND  RECOMMENDATIONS 


The  conclusions  and  recommendations  resulting  from  this  study  are  presented 
below.  They  are  based  on  analysis  of  the  oil  pollution  incident  information  ob- 
tained from  Coast  Guard  data  files  and  consideration  of  preventive  measures  which 
are  described  in  detail  in  sections  2 and  3,  respectively. 

CONCLUSIONS 

1.  Transfer  and  transport  activities  are  the  operational  phases  which  foster 
the  largest  number  of  tank  barge  oil  spill  incidents  and  associated  volume  of  oil 
spilled. 

2.  Most  of  the  minor  spills  (_<100  gal)  occur  during  cargo  transfer  operations 
when  oil  is  being  loaded  or  discharged;  however,  these  incidents  contribute  only  a 
small  portion  of  the  total  oil  spill  volume. 

3.  Most  of  the  major  spills  (>100  gal)  occur  during  underway  operations 
(including  mooring  and  docking);  these  represent  only  a small  fraction  of  the 
total  number  of  tank  barge  oil  pollution  incidents  but  contribute  the  bulk  of  the 
total  oil  spill  volume. 

4.  The  primary  causes  for  both  minor  and  major  spills  are  related  to  personnel 
error.  In  the  case  of  minor  spills,  personnel  error  usually  involves  mishandling 
of  equipment  and  insufficient  attention  to  regulations  and  operating  procedures 
during  cargo  transfer  operations.  For  major  spills,  misjudgements  by  barge  pilots 
lead  to  collision  or  grounding  incidents  with  subsequent  hull  damage  and  large  oil 
spill  volumes.  Improved  personnel  performance  could  have  been  effective  in  pre- 
venting a large  number  of  both  minor  and  major  oil  spill  incidents  reviewed  in 
this  study. 

5.  Coaming  installations  could  have  been  effective  in  preventing  over  half 
of  the  minor  oil  spill  incidents  reviewed  in  this  study. 

6.  Double  containment  (double-wall  and/or  double-bottom  construction)  could 
have  been  effective  in  reducing  or  preventing  major  spills  for  a majority  of  the 
tank  barge  oil  pollution  incidents  categorized  as  caused  by  hull  damage. 
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7.  Tank  barge  oil  pollution  prevention  efforts  must  involve  consideration  of 
the  overall  "system"  and  procedures  utilized  by  the  Coast  Guard,  and  should  include 
consideration  of  the  interfaces  between  barge  structural  design,  operational  pro- 
cedures, personnel  capabilities,  equipment  characteristics,  and  regulatory  require- 
ments. 

RECOMMENDATIONS 

1.  Continue  the  ongoing  efforts  to  upgrade  the  performance  capability  of 
personnel  involved  in  tank  barge  cargo  transfer  operations.  Intensified  training 
and  qualification  programs  must  be  integrated  Into  the  existing  Coast  Guard  regula- 
tory and  operational  system  to  ensure  attainment  of  the  desired  improvement  in 
performance. 

2.  Consider  implementation  of  a mandatory  requirement  for  installation  of 
deck  coamings  as  positive  overflow  containment  for  all  tank  barge  cargo  tank  open- 
ings. 

3.  Foster  and  encourage  the  long-range  implementation  of  a requirement  for 
double-containment  construction  for  all  tank  barges  carrying  oil  products  on  U.S. 
waters. 

4.  Conduct  a study  to  assess  the  state-of-the-art  and  regulatory  feasibility 
of  automatic  gauging  and  loading  controls  as  a tank  barge  oil  pollution  reduction/ 
prevention  measure. 

5.  Conduct  a follow-on  effort  similar  to  this  current  study  to  evaluate  the 
effectiveness  of  present  and  proposed  pollution  prevention  measures;  e.g.,  in  the 
1980  time  frame  when  data  for  the  3-year  period  from  1977-1979  will  be  available. 


APPENDIX  A 


POLLUTION  INCIDENT  REPORTING  SYSTEM 
CAUSAL  DATA  FOR  TANK  BARGE 
OIL  POLLUTION: 


TABLE  A— 1.  STRUCTURAL  FAILURE  - ALL  SPILL  CATEGORIES* 
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*The  numbers  (-  -)  in  the  table  represent  the  following: 


TABLE  A-2 . EQUIPMENT  FAILURE  - MAJOR  SPILLS* 
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The  numbers  (-)  in  the  table  represent  the  following:  x - number  of  incidents, 

? y - total  spill  in  gallons 


TABLE  A- 3 . EQUIPMENT  FAILURE  - MINOR  SPILLS* 
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*The  numbers  (*)  in  the  table  represent  the  following:  x - number  of  incidents, 

y y - total  spill  in  gallons 


*The  numbers  (- ) in  the  table  represent  the  following:  x - number  of  incidents 


TABLE  A-5.  PERSONNEL  ERROR  - ALL  SPILL  CATEGORIES* 
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APPENDIX  B 


TANK  BARGE  POLLUTION  INCIDENT 
CAUSAL  DETERMINATION  MATRIX 


TANK  BARGE  POLLUTION  INCIDENT  CAUSAL  DETERMINATION  MATRIX 
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All  existing  barges  are  single  hulled  except  as  noted.  DB-Double  Bottom,  DW- Double  Wall 


TANK  BARGE  POLLUTION  INCIDENT  CAUSAL  DETERMINATION  MATRIX 
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